In this work an easy to use, simple and direct equations were formulated and tested. Heat transfer coefficients of phase change fluid flow were examined in this work.
Introduction
Heat transfer and fluid flow inside tubes have many applications, such as: heat exchangers, condensers, evaporators and boilers. Using porous media inside tubes enhances radial heat flux and increases heat transfer coefficients. Convection heat transfer for a phase change flow inside tubes was studied in the literature. Mini and micro-tubes were used. Many correlations for mean Nusselt number ( Nu ) and mean heat transfer coefficient ( h ) were obtained. Both Nu and h were calculated using the analytical correlation or using the experimental results for the purpose of validation. Bejan (1993) and Thome (2005) are good examples for literature work in this field. Both of them included a comprehensive review of boiling flow inside tubes heat transfer analysis. 
Experimental Work
The test apparatus used in this study and its main components are shown in Fig.1 . This experimental set-up consists of: 1. The pressurized carbon dioxide gas cylinder as a main source of carbon dioxide gas, 2-high pressure regulating valve with built-in gas cylinder pressure gauges, 3-chest freezer used as environment to cool, condense and sub cool the carbon dioxide gas flowing inside the condenser test section by natural convection, 4-the porous condenser, 5-high pressure cut-off and isolating valves, 6-pressure gauges, 7-sight glasses, 8-the porous evaporator. 9-data acquisition System (DAS), 10-volume flow meter for measuring the mass flow rate of the gas. The tube outside surface temperature was measured at 28 points. These points are at longitudinal distances from each others. K-type thermocouples were used. They were connected to a module of (32 channels), which is in turn plugged in the Data Acquisition System (DAS) of model SCXI-1000. The well-known (LAB VIEW) software was used for processing the signals of the thermocouples and for transforming them into temperature readings on the screen of a personal computer. For each experimental test run, the variation of the temperature with time was monitored. The temperature readings were repeatedly recorded for a certain period until the steady state conditions were achieved. The experimental conditions used in this study are listed in Table 1 . Forty eight different tests of different parameters were carried out within the ranges shown by Table  1 . The apparent thermal conductivity and heat capacity of the porous bed comes as a result of the solid material effect. Both can be given by the following equations: Hammad, et al, (2011).
While the apparent viscosity which was increased due to the increase of the solid area contacted while flowing in the stationary porous media. The apparent values replaced the mean values used for the calculations of the physical properties and flow quantities used to calculate the mean heat transfer coefficients. The thermal conductivity of the sand was found experimentally in the lab. The apparatus (B480 Thermal Conductivity of Building Materials Unit), was used for this purpose.
The pressure drop and the convection heat transfer coefficient during the processes were calculated using the collected by the Data Acquisition System, (DAS). The experiments were carried out by condensing the CO 2 gas inside the tube coiled in the the constant temperature space of the chest freezer, then the liquid is evaporated inside the pipe upon its exit from the chest freezer to the constant room temperature laboratory space. The outside surface temperatures of the condenser and the evaporator tubes were measured and recorded. The inlet and the outlet pressures and gas flow rates for each test were also measured and recorded. The values of h exp were tabulated and used in the analysis.
Uncertainty Analysis for Experimental Work
The uncertainty in the experimental work was calculated using the known, following Kline and McClintock relation:
Where; W r is the uncertainty in the results, and W j is the uncertainty in each basic measured quantity. The uncertainty can be expressed as: .K, which is around 1% of the original value. In the same way, the uncertainty for the evaporation process can be calculated.
Analytical Study
The variables affecting the convection heat flux in the processes under consideration were gathered in one equation. The mean values for complete evaporation and complete condensation processes were used. Heat flux in both the sub-cooled and the superheated regions was not considered in this work. 
Empirical Correlations
The aim of this work is to formulate simple correlations that help in calculating the mean heat transfer coefficients in the case of phase change for flow in porous media inside tubes. Equation 15 can be written as:
This correlation can be used to calculate the mean value of heat transfer coefficients if the constants: C, m, n and l are known. The values of these constants depend on the kind of the flowing fluid, and can be calculated using experimental results. The mean value of heat transfer coefficient calculated in this way will be called the correlation resulted value, ( h corr ).
In this work, the experimental part was carried out using carbon dioxide. From Eqn. (16), the mean heat transfer coefficient ( h corr ) formula will be:
(17) Constants C, m, n and l were evaluated for CO 2 using experimental results for both cases: evaporation and condensation. The values of the constants are shown in Table 3 . Table 4 shows the resultant correlations. Table 4 
